viable method of obtaining landscape-scale data on soil properties is through analysis of remote-139 sensing images. Furthermore, in traditional chloropeth maps, all boundaries are represented as 140 being the same, so gradational and intergrade boundaries that may occur over several hundred 141 meters cannot be separated from sharp boundaries. Analyzing a series of remote-sensing images 142 allows identification of boundary movement due to changing environmental conditions. The 143 objective of this study is to determine whether remotely sensed root zone soil moisture can be 144 used to detect soil map unit boundaries-in particular, [[OK?] ] whether the use of multiple 145 images from several years provides a more robust data set for the identification of soil map units. 146
STUDY AREA 147
Two field areas in central New Mexico, USA, were used in this study: the Sevilleta 148 National Wildlife Refuge (NWR) and the Hilton Ranch ( The Hilton Ranch is located on the east side of the Rio Grande opposite the town of 161 Socorro, New Mexico. The range of landforms is similar to those of the Sevilleta. However, due 162 to its proximity to the Rio Grande, more riparian vegetation is present along the floodplains. 163
There are six soil complexes and associations in this area (Johnson, 1984) . 164
METHODS 165
Just as in our previous studies (Hendrickx et al., 1986; Wierenga et al., 1987) , we used 166 the split moving-window technique (Webster, 1973 (Webster, , 1978 Page 12 of 27 window technique (Webster, 1973 (Webster, , 1978 , a window size of five pixels was selected because it is 252 sufficiently narrow to capture boundaries that occur over short distances but also adequate to 253 minimize noise. A t-test was used to determine the statistical difference between the windows; 254 boundaries should coincide with maximum t-values. We used four t-values (6, 8, 10, and 12) to 255 identify soil boundaries. More boundaries are identified at lower t-values, and the higher the t-256 value, the more robust the boundary. 257
While we can determine the soil moisture status of an individual pixel, for mapping 258 purposes, the smallest area that can be clearly defined is ~1 cm 2 . At a scale of 1:15,000, a 1 cm 2 259 area on a map would equal 150 m 2 on the ground or five pixels (Vink, 1963) . In general, sharp 260 boundaries such as landscape boundaries are distinct. However, gradational boundaries are 261 harder to detect because they do not exhibit the sudden change in properties that generates a 262 large t-value in the split moving-window analysis. Transitional boundaries (boundaries that shift 263 locations due to antecedent conditions) are also hard to detect because they may occur in slightly 264 different locations on different days. All boundaries detected were classified based on two 265
properties: the percentage of image days over which each boundary is present (the boundary 266 strength) and the spatial range over which they occur (Table 2) . 267
The split moving-window technique was applied to four different sets of variables: (1) Fig. 2B ). The principal components were calculated using ERDAS IMAGINE 274 and captured ~70% of the variability in the data. 275
RESULTS AND DISCUSSION 276
Figures 2 and 3 show the results of the split moving-window technique along transects 3 277 and 10. Transect 3 (Fig. 2) crosses a number of landform and soil map boundaries including the 278 ephemeral stream channel of the Rio Salado. In the daily data ( Fig. 2A) , the northern boundary 279 of the Rio Salado is clearly seen in all data sets, while the southern boundary is not readily 280 apparent. Some of the boundaries correspond with landform and soil map boundaries; others do 281 not and could either be false detections or boundaries that were not identified in the previous soil 282 mapping. The overall PCA data show similar results (Fig. 2B ), but use of the daily data yields 283 more boundary information (Fig. 2A) . The northern boundary of the Rio Salado appears in only 284 one data set (overall digital value PCA). The third and fourth boundaries seen at 2280 and 2500 285 m in the daily data appear in the overall PCA data also. There are boundaries, mostly in the 286 northern section of the transect, that do not correspond to previously identified boundaries. 287 However, they are also identified in the daily data, which is further evidence that they are real 288 boundaries that have not previously been mapped. 289
Transect 10 (Fig. 3) is an example of a transect crossing agricultural fields and the Rio 290
Grande floodplain representing the most complex soil landscape in both study areas. As a result, 291 many boundaries were detected in both the root zone soil moisture and the digital value PCA. 292
Because the fields are often irrigated separately, the moisture content in each field will be 293 different so that the boundaries detected are the edges of the field. Most of the boundaries 294 detected have high t-values, which attest to their strength. The start of the fields can be detected 295 easily with this method due to the difference between the fields and the surrounding desert. ThePublisher: GSA Journal: GSABK: GSA Books Article ID: REG022-12
Page 14 of 27 overall PCA data show similar results (Fig. 3B ), but use of the daily data yields more boundary 297 information (Fig. 3A) . 298
In these two examples along a one-dimensional transect, both the daily root zone soil 299 moisture and daily digital value PCA ( Figs. 2A and 3A) were successful at detecting boundaries, 300 while the overall data sets (Figs. 2B and 3B) were not as efficient. There are cases where daily 301 root zone soil moisture detects soil boundaries better than the daily digital value PCA. 
